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Description

Background of the Invention

[0001] The present invention relates to an LSI auto-
mated design system capable of effectively utilizing
design property.

[0002] To achieve an LS| automated design system, a
variety of CAD tools have been recently developed.
However, when designing a circuit with the use of a plu-
rality of CAD tools, it is required to prepare a dedicated
converter for forwarding a design work since such CAD
tools lack data conformity. Further, in order to use CAD
tools in the respective optimum manners, it is required
to know thoroughly a method of invoking each of the
tools and interfaces among the tools. Thus, it disadvan-
tageously takes much time to use CAD tools.

[0003] As means for solving such a problem, there has
been developed an integration system for LS| designing
CAD tools which is called a framework. This framework
has, in addition to a function of integrating CAD tools, a
variety of functions including a function of managing
design procedures (design processes) to navigate the
execution of design tools according to a design method-
ology, a function of managing design data to be entered
in and supplied from the design tools, a design data edi-
tion number managing function of managing the version
and revision of design data groups.

[0004] An example of the framework above-men-
tioned is shown in "A Process Scheduling Technique
and an Interface Builder for CAD Tool Integration™ by
Toshiaki MIYAZAKI et al, Automated Design/Research
Report No. 56-1, 1991, pp 1 to 8. In this example, the
design procedures are managed by using a graphic
interface called a design flow-chart editor. That is, the
design procedures can be managed based on the rela-
tion between CAD tools set by the design flow-chart edi-
tor and input/output data thereof. Further, data
designed by a designer can be readily utilized by
another designer.

[0005] To efficiently design a high-performance LS], it
is important to flexibly reuse existing design data to
improve the design efficiency. As above-mentioned, the
framework achieves an LS| automated design by man-
aging design data and design procedures. However, an
actual LSl is formed by combination of a variety of cir-
cuits and there is the optimum design procedure for
each of the circuits. Accordingly, it is difficult to obtain a
circuit satisfying a desired performance, merely by for-
warding a design work with the application of design
procedures previously prepared in the framework. In
such an automated design with the reuse of existing
design data using the framework, it is difficult to auto-
matically generate a circuit satisfying a required per-
formance since these existing design data to be reused
are not related to information relating to the optimum
design procedures for the design data.
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Disclosure of the Invention

[0006] It is an object of the present invention to
achieve an automated design of an LS| satisfying a
required performance and a required function, with the
reuse of existing design data.

[0007] To achieve the object above-mentioned, the
present invention is arranged such that existing design
data together with design procedures thereof are collec-
tively managed in the form of elements, which can be
utilized in a reuse-type design.

[0008] More specifically, the LSI automated design
system according to the present invention comprises:
memory means for collectively managing and storing, in
the form of elements, the real data of existing design
data and managing information thereof; means for
entering an element arrangement for carrying out a
function design of a desired circuit with the use of ele-
ments stared in the memory means; means for combin-
ing the elements selected by the entering means to
synthesize an element which satisfies a connection
relation among the selected elements; and means for
converting the real data of the elements used in the
design, into data on a target level with the use of the
optimum tools according to information relating to the
design procedures of the elements. There are instances
where a selected element is designed in a rank struc-
ture. In such a case, when a target level is set to an
upper-rank element of the selected element, the same
target level is also set to lower-rank elements forming
the selected element. Accordingly, the real data of each
element is converted into the target-level data based on
the information relating to the design procedure of the
element.

[0009] According to the present invention, an LSI
design can be automated from the stage of a function
design as set forth below.

[0010] The memory means contains elements gener-
ated from existing design data. Each of the elements
has, in addition to the real data of the design data, infor-
mation relating to the management of the design data,
information relating to the design procedure, informa-
tion relating to the rank structure of the element, infor-
mation relating to the layout shape of the element, and
the like.

[0011] Elements having functions required for achiev-
ing a desired function, are selected from the elements
stored in the memory means. When each of the ele-
ments thus selected has general-purpose design data,
the design data are specialized, thus generating design
data of which functions have been determined, the
design data thus generated being subjected to the sub-
sequent design processing. By combining such design
data, a function design is to be executed. At this time,
each design data is represented in the form of a symbol
which indicates a layout shape. By forwarding the
design while disposing such symbols with the final floor
plan taken into consideration, a design satisfying the
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floor plan can be conducted from the stage of a function
design.

[0012] Then, a design data satisfying the connection
relation among the respective design data forming the
LSI, is synthesized based on information relating to
input/output of the respective design data. Thus, merely
by combining necessary functions, the design of an LSI
function can be automated in its entirety.

[0013] Based on the results of function design, the LSI
design is further forwarded. Information relating to
design procedure and other information are stored in
each of the elements for which design data have been
generated, and design processings are to be executed
on the design data according to such information. When
a target level is set to the design data, each of the
design data selects the optimum tool according to its
design procedure, and the tool thus selected is oper-
ated on the design data by the optimum method, thus
automatically generating design data on the target level.
[0014] There are instances where a design data is
designed in a rank structure. In such a case, when a tar-
get level is set to an upper-rank data of such a design
data, the same target level is also set to lower-rank
design data forming the first-mentioned design data,
according to information relating to the rank structure of
the element for which the upper-rank data has been
generated. Accordingly, each design data is converted
into data on the target level based on the design proce-
dure of each design data.

[0015] As discussed in the foregoing, each of the ele-
ments is provided with information relating to the design
procedure, information relating to the rank structure and
the like. Accordingly, merely by setting once a target
level to a specified design data, the target level can be
set to all design data forming the specified data. Fur-
ther, even though design data are to be converted
according to different conversion processes, the design
data can be converted without no special attention paid
on the design procedures.

[0016] Thus, the present invention is arranged such
that, by reusing existing design data, a design can be
automated from the stage of a function design and the
number of steps of a function design can be reduced,
such reduction in step number being conventionally dif-
ficult. Further, since each element has information relat-
ing to the optimum design procedure, it is possible to
operate a CAD tool on each element in the optimum
manner, thus enabling a high-quality design to be car-
ried out.

Brief Description of the Drawings

[0017]
Figure 1ais a view illustrating the arrangement of a
function design device in an LS| automated design

system according to an embodiment of the present
invention;
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Figure 1b is a view illustrating the arrangement of a
design data converting device in the LS| automated
design system according to the embodiment of the
present invention;

Figure 2 is a view illustrating the arrangement of
hardware of the LS| automated design system in
Figure 1a and Figure 1b;

Figure 3 is a view illustrating the inner arrangement
of a memory device in Figure 2;

Figure 4 is a processing flow chart of the LS| auto-
mated design system in Figure 1a and Figure 1b;
Figure 5 is a view illustrating the detail arrangement
of circuit arrangement entering means in Figure 1a;
Figure 6 is a detail flow chart of a circuit arrange-
ment entry processing in Figure 4;

Figure 7 is a detail flow chart of an element special-
izing processing in Figure 4;

Figure 8 is a detail flow chart of an element synthe-
sizing processing in Figure 4;

Figure 9 is a view illustrating an element storing
method in a library element memory means in the
LSI automated design system in Figure 1a and Fig-
ure 1b;

Figure 10 is a detail flow chart of a conversion
instruction transmitting processing in Figure 4;
Figure 11 is a processing flow chart of the design
data converting device in Figure 1b;

Figure 12 is a view illustrating the detail arrange-
ment of a library element specializing means in Fig-
ure 1a;

Figure 13 is a flow chart of a processing of storing
elements in the library element memory means in
the LSI automated design system in Figure 1a and
Figure 1b;

Figure 14 is a view illustrating an example of
designing an element layout by the circuit arrange-
ment entering means in Figure 1a;

Figure 15a is a view illustrating the arrangement of
a function design device in an LS| automated
design system according to another embodiment of
the present invention;

Figure 15b is a view illustrating the arrangement of
a design data converting device in the LSI auto-
mated design system according to the another
embodiment of the present invention;

Figure 16 is a processing flow chart of the LSI auto-
mated design system in Figure 15a and Figure 15b;
Figure 17 is a detail flow chart of a circuit arrange-
ment entering processing in Figure 16;

Figure 18 is a detail flow chart of a design object
generating processing in Figure 17;

Figure 19 is a detail flow chart of a design object
generating processing in Figure 18 when generat-
ing a plurality of design objects from the same ele-
ment;

Figure 20 is a detail flow chart of a design proce-
dure executing processing in Figure 16;

Figure 21 is a detail flow chart of a design proce-
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dure executing processing at each of steps 2004
and 2005 in Figure 20;

Figure 22 is a detail flow chart of a processing for
synthesizing a connection among design objects in
Figure 16;

Figure 23a is a view illustrating an example of ele-
ments stored in library element memory means in
the LS| automated design system in Figure 15a and
Figure 15b;

Figure 23b is a view illustrating an example of
design objects generated by the LS| automated
design system in Figure 15a and Figure 15b;
Figure 24a is a view illustrating a specific example
of an element stored in the library element memory
means in the LS| automated design system in Fig-
ure 15a and Figure 15b;

Figure 24b is a view illustrating a specific example
of a design object generated in the function design
device in Figure 15a; and

Figure 24¢ is a view illustrating a specific example
of the final design object as converted by the design
data converting device in Figure 15b.

Detailed Description of Preferred Embodiments

[0018] Fig. 1a and Fig. 1b are views illustrating the
arrangement of an LS| automated design system
according to an embodiment of the present invention.
Fig. 1a shows a function design portion for achieving
the desired function of a circuit using elements stored in
a library, and Fig. 1b shows a design data converting
portion for converting a circuit of which function design
has been complete, into circuit data on the finally
required level.

[0019] In Fig. 1a, library element memory means 101
has a memory area 102 having areas respectively pre-
pared for elements. The memory area 102 has (i) a
library element circuit data memory 103 for storing ele-
ment names, circuit data, function determining parame-
ters, and information relating to the circuit arrangements
of elements, and (ii) a library element conversion infor-
mation memory 104 for storing information relating to
design procedures for obtaining an optimum circuit,
such as tools to be used, the order in which the tools are
used, the conditions under which the tools are exe-
cuted, and the like.

[0020] Fig. 9 shows an example of a method of storing
elements in the library element memory means 101. In
the library element memory means 101, there are sets
of elements classified by function. In a set, each of A, B,
C, D, .... itself is a set of elements having a specific func-
tion. For example, each of A, B, C, D is a set of elements
having a function serving as a CPU, a RAM, a ROM, a
timer or the like. An actual circuit design can be carried
out with the use of elements thus classified by function.
[0021] In Fig. 9, a reference numeral 901 shows an
example of a method of storing elements forming each
element set. In this storing method, as the function of
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each element becomes more detailed, such element is
stored in a lower rank. More specifically, as the function
of each element is more specified, such an element is
stored in a lower rank. An element on a lower rank, suc-
ceeds to all the functions of elements on upper ranks.
Thus, by storing elements as succeeding to the func-
tions of upper-rank elements, the retrieval of elements
to be used at the design time, can be carried out at a
higher speed. In Fig. 9, there is shown an example of an
element 902 which has, in addition to a circuit data
103a, a variety of pieces of information required for a
design such as information relating to a design proce-
dure 104, information relating to the element arrange-
ment 103b and information relating to parameters for
determining the function of the element 103c. Accord-
ingly, merely by giving the game conversion instruction
to different elements, different design procedures can
be respectively applied to the elements, so that the
design can be automatically forwarded.

[0022] The following will discuss a method of design-
ing a circuit having a predetermined function (a function
design method) using elements stored in the library ele-
ment memory means 101.

[0023] As shown in Fig. 1a, the library element circuit
data memory 103 sends the lists of element names,
information relating to the arrangement of each element
and information relating to parameters for determining
the function of each element, to circuit arrangement
entering means (element arrangement entering means)
105 through a signal line 1. Based on the information
thus sent, the circuit arrangement entering means 105
selects elements required for achieving a desired cir-
cuit, and sets information for determining a function to
the parameter information of each of the elements thus
selected. Also entered to the circuit arrangement enter-
ing means 105 is information relating to design con-
straints such as working frequency, circuit area and the
like required for each element. Also, as to the layout of
the elements, disposition places are specified with the
floor plan taken into consideration. Out of the informa-
tion thus set, the information relating to design con-
straints is stored in design constraint memory means
108 through a signal line 5, while the information relat-
ing to the names of selected elements and the informa-
tion relating to the disposition places of the elements
are stored in circuit arrangement information memory
means 109 through a signal line 4. With the processings
above-mentioned, there is finished setting the informa-
tion required for achieving a desired circuit using the
present system.

[0024] Fig. 14 shows a design example of element lay-
out specified in the circuit arrangement entering means
105. Each of A, B, C, D, E is an element having a spe-
cific function. The outer frame represents the contour of
the LSI to be formed at the time when the design thereof
will be actually finished. The disposition of each element
is related to floor plan information of each element in an
actual design. The size of each element in Fig. 14 is
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related, as it is, to the area of each element on the LSI.
It is therefore possible to estimate the area of the LSI.
[0025] By library element specializing means (design
data specializing means) 106, the design data of gen-
eral-purpose elements are to be converted into circuit
data of which functions have been determined. Here,
based on information relating to each of the names of
elements forming the circuit sent through a signal line 3,
a circuit data corresponding to each of the elements is
taken out from the library element circuit data memory
103 through a signal line 2, and the circuit data thus
taken out is converted, based on the element function
determining information sent through the signal line 3,
into a circuit data of which function has been special-
ized. Such function specialization of the circuit data of a
library element, is carried out on all the elements form-
ing the circuit.

[0026] By element synthesizing means 107, there is to
be generated a circuit element which satisfies the con-
nection relation among all the elements forming the cir-
cuit. Here, sent to the element synthesizing means 107
are (i) information relating to the elements forming the
circuit through a signal line 8, (ii) the specialized circuit
data generated by the library element specializing
means 106 through a signal line 7 and (iii) information
relating to a method of converting the circuit data in
order to unify the levels of the circuit data, through a sig-
nal line 6. Then, the element synthesizing means 107
retrieves information relating to input/output of all the
elements forming the circuit, extracts the connection
relation among all the circuit data based on the informa-
tion thus retrieved, and generates a circuit element sat-
isfying the connection relation. Then, the specialized
circuit data sent through the signal line 7 and the circuit
data generated by the element synthesizing means 107
are stored in circuit data memory means 110 through a
signal line 9. With the processings above-mentioned,
there are finished the function design of the desired cir-
cuit and the specializing processing of the circuit data.
All the circuit data memory means 110, the design con-
straint memory means 108 and the circuit arrangement
information memory means 109 may be made in the
form of single memory means, i.e., design data memory
means 111.

[0027] In the design data converting portion in Fig. 1b,
there is to be executed a processing of converting the
circuit of which function design has been complete, to
circuit data on the finally required level (target level).
[0028] In conversion instruction entering means 112,
there are entered a conversion instruction and the
names of elements to which the conversion instruction
is to be given. Then, the conversion instruction which
specifies a target level of conversion, and the element
names are sent to conversion instruction transmitting
means 113 through a signal line 10.

[0029] Based on the specified element names sent
through the signal line 10 and information relating to the
circuit arrangement sent from the circuit arrangement
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information memory means 109 through a signal line
12, the conversion instruction transmitting means 113
retrieves all lower-rank elements forming each of the
specified elements. Then, the conversion instruction
transmitting means 113 transmits the names of all the
elements thus retrieved and the conversion instruction
sent through the signal line 10, to conversion method
selecting means 114 through a signal line 16. As to ele-
ments which have not been stored in the library element
memory means 101, the conversion instruction and the
names of such elements are sent to the conversion
method selecting means 114 through a signal line 15.

[0030] The conversion method selecting means 114
which has received the conversion instruction and the
element names through the signal line 15, then receives
(i) the information relating to the layout positions of the
elements from the circuit arrangement information
memory means 109 through a signal line 11, (ii) the
information relating to desigh constraints from the
design constraint memory means 108 through a signal
line 13, and (iii) conversion information for the elements
which have not been stored in the library element mem-
ory means 101, the conversion information being sent,
through a signal line 17, from out-of-storage clement
conversion information memory means 118 in the
library element memory means 101. Based on the
pieces of information thus received, the conversion
method selecting means 114 then determines the opti-
mum tools for element conversion and parameters to be
set when the tools are used, and selects the optimum
converting means.

[0031] The element names and information relating to
parameters to be set when the tools determined by the
conversion method selecting means 114 are used, are
sent to circuit data converting means (design data con-
verting means) 115 selected by the conversion method
selecting means 114 through a signal line 19. Also, the
circuit data corresponding to the specified elements are
sent to the circuit data converting means 115 through a
signal line 20. By operating the tool in the circuit data
converting means 115 on the circuit data with the use of
the parameters sent through the signal line 19, the cir-
cuit data can be converted into circuit data on a desired
level.

[0032] Further, the conversion method selecting
means 114 receives (i) the names of elements forming
specified elements and the conversion instruction given
to these elements through the signal line 16, (ii) the
information relating to design constraints from the
design constraint memory means 108 through a signal
line 14, and (iii) element conversion information of the
elements forming the specified elements through a sig-
nal line 18. Based on the pieces of information thus
received, the conversion method selecting means 114
determines tools and parameters which are optimum for
converting the elements into data on the level specified
by the conversion instruction, and the conversion
method selecting means 114 selects the optimum con-
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verting means for the elements.

[0033] The circuit data converting means 115 selected
by the conversion method selecting means 114,
receives (i) the name of an element to be converted and
information relating to parameters to be set for a tool to
be used for converting the element in the optimum man-
ner, through a signal line 21, and (i) the circuit data cor-
responding to the element to be converted through a
signal line 20. By operating the tool in the selected cir-
cuit data converting means 115 on the circuit data with
the use of the parameters sent through the signal line
21, the element can be converted into circuit data on a
desired level. The circuit data converted by the circuit
data converting means 115, are stored in circuit data
memory means 117 through a signal line 22.

[0034] According to the processings above-men-
tioned, without special attention paid on the circuit data,
the designer can obtain circuit data having a desired
function on a desired level, merely by combining ele-
ments stored in the library element memory means 101
to carry out a function design and by specifying a target
level. It is noted that the circuit data memory means 110
and 117 may be made in the form of single memory
means, and that the circuit arrangement information
memory means 109, the design constraint memory
means 108 and the circuit data memory mans 110, 117
may be made in the form of single memory means, i.e.,
design data memory means 111.

[0035] Fig. 2 is a view illustrating the arrangement of
hardware of the LS| automated design system in Fig. 1a
and Fig. 1b. This hardware arrangement is adapted to
execute a circuit design processing shown in Fig. 4. In
Fig. 2, there are shown an input device 201, a process-
ing device 202, an output device 203 and a memory
device 204. The input device 201 is adapted to enter, to
the processing device 202, (i) circuit data such as func-
tion descriptions, logic circuits, layout data and the like
which are required for designing a desired circuit and
which are to be stored in an element library, and (ii)
information relating to a design method for each circuit
data and information relating to the circuit arrangement
required for designing the desired circuit. The output
device 203 is adapted to supply a circuit which has a
function identical with that of the circuit entered there-
into, and which is formed by actually existing elements.
The processing device 202 is adadpted to execute a
variety of processing programs stored in the memory
device 204 for executing circuit design processings
such as conversion of the entered design circuit into cir-
cuit data on a desired level. Examples of the input
device 201 include a keyboard, a card reader, a sche-
matic entry system, a file and the like. Examples of the
output device 203 include a character display, a graphic
display, a plotter, a file and the like.

[0036] Fig. 3 is a block diagram illustrating the inner
arrangement of the memory device 204. Conversion
method memory means 301 contains a variety of
processing methods for an LS| design. Library element
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memory means 302 (101 in Fig. 1a and Fig. 1b) con-
tains elements to be used for an LSI design, together
with circuit data, design methods and other information
required for a circuit design. Design data memory
means 303 (111 in Fig. 1a and Fig. 1b) contains design
results such as circuit data, design constraints, LSI cir-
cuit arrangement and the like which have been gener-
ated in the course of an LSI design.

[0037] Fig. 4 shows a processing flow chart of the LSI
automated design system having the arrangement
above-mentioned. The following will discuss the entire
operation of the system according to the flow chart.
[0038] At a circuit arrangement entering step 401, cir-
cuit elements required for achieving the desired function
are selected from the elements stored in the library ele-
ment circuit data memory 103 in the library element
memory means 101, and there are entered information
relating to design constraints required for achieving the
desired function and information relating to the layout
with the floor plan taken into consideration. At a design
constraint storing step 402, there are stored, in the
design constraint memory means 108, the elements
entered at the circuit arrangement entering step 401 or
information relating to design constraints for the entire
circuit, At a circuit arrangement information storing step
403, the information relating to the circuit arrangement
entered at the step 401 is stored in the circuit arrange-
ment information memory means 109. At an element
specializing step 404, there are replaced the parame-
ters of the elements selected at the circuit arrangement
entering step 401, and selected component elements
based on the parameters, thus specializing the func-
tions of the elements. At an element synthesizing step
405, there is synthesized an element for integrating the
elements forming the circuit, based on (i) information
relating to input/output of the elements specialized at
the element specializing step 404 and (ii) information
relating to the circuit arrangement stored at the step
403. At a circuit data storing step 4086, there are stored,
in the circuit data memory means 110, the circuit data
specialized at the step 404 and the circuit data for con-
necting the circuit component elements which was syn-
thesized at the step 405.

[0039] At a conversion instruction entering step 407,
there is entered a conversion instruction for converting
the circuit thus designed, into data on a desired level. At
a conversion instruction transmitting step 408, the con-
version instruction entered at the step 407 is transmitted
to the conversion method selecting means 114. At a
conversion method selecting step 409, information
relating to converting tools and information relating to
parameters to be set when the tools are used, are deter-
mined based on the conversion instruction thus trans-
mitted and information 104 (Fig. 1b) relating to
conversion methods of elements to be converted. Also,
based on the pieces of information thus determined,
there is selected the optimum conversion method for
each element. At a circuit data converting step 410, the
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circuit data stored at the step 406 are converted with the
use of the conversion methods selected at the conver-
sion method selecting step 409. At a circuit data storing
step 411, the conversion results are stored in the circuit
data memory means 117. With the steps above-men-
tioned, the LSI design is complete.

[0040] The following will discuss a method of storing
an element into the library element memory means 101
with refernce to Fig. 13.

[0041] At an element entering step 1301, design data
are to be entered. Here, there are collectively entered,
as an element, a general-purpose circuit data, informa-
tion relating to a method of designing such a circuit
data, information relating to the arrangement of the cir-
cuit data and information relating to general-purpose
parameters. At an element function analyzing step
1302, there is analyzed the function of the element
entered at the element entering step 1301. At an ele-
ment name determining step 1303, there is determined,
based on information relating to the function of the ele-
ment extracted at the function analyzing step 1303, the
optimum element name which represents the function
of the element. At a memory means analyzing step
1304, the memory means 101 in which elements have
been already stored, is analyzed. Then, there is
extracted information relating to the storage arrange-
ments of the elements already stored therein. Each of
the storage arrangements thus exiracted has a rank
structure according to a function. As an element has a
more detailed function, the element is stored in a lower
rank. At an element storing position determining step
1305, the name determined at the element name deter-
mining step 1303 is compared with the information relat-
ing to the storage arrangements of the existing
elements which was obtained at the memory means
analyzing step 1304, and determines the storing posi-
tion of the element entered at the element entering step
1301. Atthefinal step 13086, the element is newly stored
in the memory means at the storing position thus deter-
mined. According to the element storing method above-
mentioned, elements can be retrieved at a high speed
at the time of a design, and effective element selection
can be made with the use of element names relating to
functions.

[0042] With, reference to Figs. 5 and 6, the following
will discuss in detail the arrangement and processing
flow of the circuit arrangement entering means 105 in
Fig. 1a.

[0043] Fig. 5is a view illustrating the detailed arrange-
ment of the circuit arrangement entering means 105. As
shown in Fig. 9, the library element memory means 101
contains design data in the form of elements and other
information required for achieving an automated circuit
design.

[0044] In element retrieving means 501, the name of
each element required, information relating to parame-
ters for determining the function of the element and
information relating to the arrangement of the element,
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are extracted from information sent to the element
retrieving means 501, through a signal line 23, from the
library element circuit data memory 103 of the library
element memory means 101. The element name, the
information relating to parameters and the information
relating to element arrangement thus exiracted, are
sent to means for entering elements to be used 502
through a signal line 24.

[0045] Based on the element names and the informa-
tion relating to parameters sent through the signal line
24, the means 502 selects the elements required for
designing a circuit which achieves the desired function.
[0046] Information relating to the elements selected
by the means 502, is sent to the circuit arrangement
information memory means 109 through a signal line
25, to design constraint entering means 503 through a
signal line 26 and to parameter entering means 504
through a signal line 27. More specifically, the element
names, the information relating to the element arrange-
ments and the information relating to the final element
layout position sent through the signal line 25, are
stored, as circuit arrangement information, in the circuit
arrangement information memory means 109. The
information relating to the element layout position spec-
ified at this time, serves as information relating to a cir-
cuit floor plan. The design constraint entering means
503 enters, to the elements sent through the signal line
26, design constraints which must be satisfied by the
elements. Together with the element names, the infor-
mation relating to the design constraints is sent to and
stored in the design constraint memory means 108
through a signal line 28. To the elements and the infor-
mation relating to the parameters for determining the
functions of these elements sent through the signal line
27, parameter entering means 504 enters parameter
information required such that the elements achieve the
desired functions. The parameter information thus
entered is then sent to the library element specializing
means 106 through a signal line 29.

[0047] Fig. 6 is a processing flow chart of the circuit
arrangement entering means 105.

[0048] At an element list retrieving step 601, the lists
of elements stored in the library element memory
means 101 are retrieved to extract the names of all ele-
ments, information relating to parameters for determin-
ing the function of each element and element
arrangement information. At a step of entering elements
to be used 602, elements required for forming a circuit
having a desired function are selected based on the
information extracted at the step 601.

[0049] At a step of selecting an object to be processed
603, an element is selected, as an object to be proc-
essed, from the elements selected at the step 602. A
parameter entering step 604, there are set function
determining parameters to the parameter information
which has been retrieved at the step 601 and which cor-
responds to the element selected at the step 603. Ata
parameter storing step 605, the parameters thus set are
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stored in the library element specializing means 106. At
a design constraint entering step 606, there are entered
design constraints which the element should satisfy for
achieving a desired function thereof. At a design con-
straint storing step 607, the design constraints entered
at the design constraint entering step 606, are stored in
the memory means 108. At a circuit arrangement infor-
mation storing step 608, the information relating to the
arrangement of the element and the information relating
to the final layout position of the element, are stored, as
circuit arrangement information, in the circuit arrange-
ment information memory means 109. At a step 609, it
is judged whether or not all elements required for form-
ing the circuit were selected. In the affirmative, the func-
tion design of the circuit is complete. In the negative, the
sequence is returned to the step 603 where selection is
made on an element which has not been selected yet.
Then, the processings on and after the step 604 are car-
ried out.

[0050] With the processings above-mentioned, a cir-
cuit having a desired function can be designed by
selecting elements as obtained from existing design
data. Further, such a design can be made with no spe-
cial attention paid on the contents of design data.
[0051] With reference to Figs. 12 and Fig. 7, the fol-
lowing will discuss in detail the arrangement and
processing flow of the library element specializing
means 106 in Fig. 1a.

[0052] Fig. 12 is a view illustrating the arrangement of
the library element specializing means 106.

[0053] Circuit data analyzing means 1201 analyses (i)
the circuit data of elements to be specialized which are
sent to the means 1201 from the library element mem-
ory means 101 through the signal line 2 and (ii) informa-
tion relating to function determining parameters, and
determines a method of operating function determining
information (parameters) which is prepared for function
specialization and which is entered to the means 1201
through the signal line 3. Here, there is selected a
method of replacing the information set as parameters,
or a method of selecting data to be used by the informa-
tion set as parameters.

[0054] Sent through a signal line 40 to selected
parameter operating means 1202 are (i) circuit data to
be specialized and (ii) parameter information for spe-
cializing functions with the use of data selected from the
circuit data to be specialized. By operating the parame-
ters on the circuit data, there is carried out specializa-
tion of the circuit data by selection of data to be used.
[0055] Sent to replaced parameter operating means
1203 are (i) parameter information for determining func-
tions by parameter replacement and (ii) circuit data in
which portions of the functions have been specialized
by the selected parameter operating means 1202, the
parameter information and the circuit data being sent to
the means 1203 through signal lines 41, 42, respec-
tively. When the parameters of the circuit data are
replaced with the parameter information sent through
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the signal line 41, the specialization of the circuit data is
complete. As a result, there are obtained circuit data of
which functions have been specialized, and the circuit
data thus obtained are sent to the element synthesizing
means 107 through a signal line 43.

[0056] Fig. 7 is a processing flow chart of the library
element specializing means 106. At a step 701, the cir-
cuit data of library elements to be specialized are
entered. At a function setting information extracting step
702, the circuit data thus entered are analysed, and
there is determined a method of operating the function
determining information (parameters) for function spe-
cialization, on the parameters of the circuit data of the
elements. At a function determining information enter-
ing step 703, there is entered information for determin-
ing the function of the circuit data already set. At a step
704, the parameters set at the step 703 are operated on
the circuit data entered at the step 701, thus generating
circuit data which have no parameters and of which
functions have been determined, with the processings
above-mentioned, circuit data, obtained by combination
of general-purpose elements, can be converted into
data of which functions have been determined and with
which the design work can be forwarded.

[0057] With reference to Fig. 8, the following will dis-
cuss in detail a processing flow of the element synthe-
sizing means 107.

[0058] At a circuit arrangement information entering
step 801, there are entered (i) the relation among ele-
ments which are stored in the circuit arrangement infor-
mation memory means 109 and which form a circuit to
be designed, (ii) information relating to the lay-out posi-
tions of the elements and (iii) information indicating a
circuit level at which synthesis is to be carried out. At a
circuit data entering step 802, there are entered circuit
data specialized by the library element specializing
means 106. At a step of judging a synthesis level of cir-
cuit data 803, there is analyzed the information relating
to the element synthesizing level which has been
entered at the circuit arrangement information entering
step 801. Then, according to the specified level, i.e., a
function level, a logic level or a mask layout level, the
subsequent processing flow is selected.

[0059] Itis now supposed that the mask layout level is
specified. At a circuit data converting step 804, all circuit
data entered at the circuit data entering step 802, are
converted into circuit data on the mask lay-out level
according to conversion information of the circuit data
(information sent from the library element circuit data
memory 103 through the signal line 6). At a step of
extracting input/output pin information of circuit data
805, there is extracted information relating to the
input/output pins of circuit data converted at the step
804. At an inter-element connection information forming
step 806, there is formed information relating to the con-
nection relation among the circuit data, based on the
information relating to the input/output pins and the
information relating to the circuit element arrangement.
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At a step 807, there is synthesized a circuit data con-
taining (i) wirings satisfying the connection relation
among the circuit data and (ii) a layout satisfying the
information relating to the layout positions of the circuit
data. Finally, at a circuit data storing step 815, the circuit
data converted at the step 804 and the circuit data syn-
thesized at the step 807, are stored in the circuit data
memory means 110.

[0060] It is now supposed that the logic level is speci-
fied. At a circuit data converting step 809, all circuit data
entered at the circuit data entering step 802, are con-
verted into circuit data on the logic level according to
conversion information of the circuit data (information
sent from the library element circuit data memory 103
through the signal line 6). At a step of extracting
input/output pin information of circuit data 809, there is
extracted information relating to the input/output pins of
the circuit data converted at the step 808. At an inter-
element connection information forming step 810, there
is formed information relating to the connection relation
among the circuit data, based on the information relat-
ing to the input/output pins and the information relating
to the circuit element arrangement. At a step 811, there
is synthesized, based on the information relating to the
connection among the circuit data, a logic-level circuit
data which satisfies the connection relation among the
circuit data and which satisfies constraints relating to
cirucit data fan-outs. Finally, at a circuit data storing step
815, the circuit data converted at the step 808 and the
circuit data synthesized at the step 811, are stored in
the circuit data memory means 110.

[0061] It is now supposed that the function level is
specified. At a step of extracting input/output pin infor-
mation of circuit data 812, there is extracted information
relating to the input/output pins of the circuit data, from
all circuit data entered at the circuit data entering step
802. At an inter-element connection information forming
step 813, there is formed information relating to the con-
nection relation among the circuit data, based on the
information relating to the input/output pins and the
information relating to the circuit element arrangement.
At a step 814, there is synthesized, based on the infor-
mation relating to the connection among the circuit data,
a function-level circuit data which satisfies the connec-
tion relation among the circuit data. Finally, at a circuit
data storing step 815, the circuit data entered at the
step 802 and the circuit data synthesized at the step
814, are stored in the circuit data memory means 110.
[0062] According to the processings in Fig. 8 thus dis-
cussed, it is possible to form a circuit data for integrating
the elements of a circuit as obtained by combining the
elements which achieve the desired function of the cir-
cuit. The circuit data thus formed are to be processed by
the design data converting portion in Fig. 1b.

[0063] With reference to Fig. 10, the following will dis-
cuss in detail the processing flow of the conversion
instruction transmitting means 113. At a conversion
instruction entering step 1001, there is entered a con-
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version instruction for setting a level of circuit data to
which a circuit is to be converted. At a circuit arrange-
ment information entering step 1002, information relat-
ing to the elements forming the circuit to be converted,
is entered from the circuit arrangement information
memory means 109 through the signal line 12. At a cir-
cuit component element retrieving step 1003, there are
extracted the names of the elements forming the circuit
to be converted. At a conversion instruction transmitting
step 1004, a conversion instruction is transmitted to the
element names thus extracted. At a judging step 1005,
it is judged whether or not the conversion instruction
was transmitted to all the elements. In the negative, the
sequence is returned to the conversion instruction
transmitting step 1004. The transmitting processing is
continued until the transmission of the conversion
instruction to all the elements is complete. Thus, the
conversion instruction can be transmitted to all, the ele-
ments.

[0064] With reference to Fig. 11, the following will dis-
cuss in detail the entire processing flow of the design
data converting portion in Fig. 1b.

[0065] At a conversion instruction entering step 1101,
there is entered, from the conversion instruction enter-
ing means 112, information indicating a data level on
which circuit data are to be converted. At a circuit
arrangement information entering step 1102, there are
entered, from the circuit arrangement information mem-
ory means 109, information relating to the elements
forming the circuit and information relating to the layout
positions of the elements. At a design constraint enter-
ing step 1103, there is entered, from the design con-
straint memory means 108, information relating to
design constraints which should be satisfied for convert-
ing the circuit. At an element conversion information
entering step 1104, there is entered, from the library
element conversion information memory 104, element
conversion information which corresponds to each of
the elements forming the circuit to be converted.

[0066] At a step of judging the level specified by a con-
version instruction 1105, the conversion method select-
ing means 114 analyzes the conversion instruction
entered at the conversion instruction entering step 1101
and judges whether the specified level is a logic level or
a layout level. The subsequent processing method var-
ies with the judgment result.

[0067] It is now supposed that the conversion instruc-
tion specifies the layout level. At a conversion method
determining step 1106, there is determined, in the con-
version method selecting means 114, a circuit convert-
ing method based on the element conversion
information entered at the element conversion informa-
tion entering step 1104. At a circuit data entering step
1107, there are entered, from the circuit data memory
means 110, circuit data corresponding to elements to
be converted. At a circuit data converting step 1108, the
circuit data converting method determined at the con-
version method determining step 1106 is operated, by
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the circuit data converting means 115, on the circuit
data entered at the circuit data entering step 1107.
Accordingly, the circuit data are converted and there are
ultimately carried out processings of disposing and wir-
ing the circuit data. At a circuit data storing step 1112,
the circuit data or conversion result obtained at the cir-
cuit data converting step 1108, are stored in the circuit
data memory means 117.

[0068] It is now supposed that the conversion instruc-
tion specifies the logic level. At a conversion method
determining step 1109, there is determined, by the con-
version method selecting means 114, a circuit convert-
ing method based on the element conversion
information entered at the element conversion informa-
tion entering step 1104. At a circuit data entering step
1110, there are entered, from the circuit data memory
means 110, circuit data corresponding to the elements
to be converted. At a circuit data converting step 1111,
there is operated, in the circuit data converting means
115, the circuit data converting method determined at
the conversion method determining step 1109, on the
circuit data entered at the circuit data entering step
1110. Accordingly, the circuit data are converted and
there is ultimately carried out a processing of converting
the circuit data into logic-level, circuit data satisfying cir-
cuit data fan-out constrants. At a circuit data storing
step 1112, the circuit data or conversion result obtained
at the circuit data converting step 1111, are stored in the
circuit data memory means 117.

[0069] According to the processings in Fig. 11 thus
discussed, it is possible to convert circuit data without
no special attention paid on the circuit data level and the
conversion method.

[0070] When an object-oriented technology is
employed in the LS| automated design system above-
mentioned, elements can be reused in a more efficient
manner. Fig. 15a and Fig. 15b show the arrangement of
an LSI automated design system according to another
embodiment of the present invention into which the
object-oriented technology is introduced.

[0071] Fig. 15a shows a function design portion for
achieving a circuit having a desired function using ele-
ments stored in a library, and Fig. 15b shows a design
data converting portion for converting a circuit of which
function design has been complete, into circuit data on
the finally required level. The function design portion in
Fig. 15a and the design data converting portion in Fig.
15b are basically identical with those in Fig. 1a and Fig.
1b, respectively. In the system in Fig. 15a and Fig. 15b,
elements stored in library element memory means 101
may be handled as objects, and such objects may be
operated to carry out design processings.

[0072] InFig. 15a, library element memory means 101
has a memory area 102 having areas for respective ele-
ments (objects). The memory area 102 has (i) a library
element circuit data memory 103 for storing element
names, circuit data, function determining parameters
and information relating to the circuit arrangements of
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elements, and (ii) a library element design procedure
information memory 104 for storing information relating
to design procedures for obtaining the optimum circuit,
such as tools to be used, the order in which the tools are
used, the conditions under which the tools are exe-
cuted, and the like.

[0073] The following will discuss a method of design-
ing a circuit having a desired function (a function design
method) using elements stored in the library element
memory means 101.

[0074] As shown in Fig. 15a, the library element circuit
data memory 103 sends the lists of element names,
information relating to the arrangements of elements,
information relating to parameters for determining the
functions of the elements, to element arrangement
entering means 105 through a signal line 1. Based on
the information thus sent, there are entered, in the ele-
ment arrangement entering means 105, functions
required for achieving the desired circuit. There is also
entered, as design constraints, information relating to
required working frequency, circuit area and the like.
Thus, there are specified elements which satisfy the
conditions above-mentioned. Elements are selected
from the elements thus specified. When each of the ele-
ments thus selected is a general-purpose element,
parameters for determining the function thereof are set.
As to the layout of the elements, too, the disposition
places are specified with the floor plan taken into con-
sideration. Of all the pieces of information thus set, the
information relating to design constraints is stored in
design constraint memory means 108 through a signal
line 5, and the information relating to the selected ele-
ment names and the information relating to the disposi-
tion places of the elements, are stored in circuit
arrangement information memory means 109 through a
signal line 4. With the processings above-mentioned,
there is finished setting the information required for
achieving the desired circuit with the use of the system.
[0075] With the use of each of general-purpose ele-
ments stored in the library element memory means 101,
design object generating means 120 generates a
design object having (i) circuit data of which function
has been determined and (ii) information relating to the
design procedure and rank structure thereof. Here,
based on (i) information relating to each of elements
used for forming the circuit and (ii) information relating
to parameters given to each of the elements forming the
circuit, both pieces of information being sent through a
signal line 3, a circuit data corresponding to each of the
elements is taken out from the library element circuit
data memory 103 through a signal line 2. Based on the
information sent through the signal line 3, the circuit
data thus taken out is converted into a circuit data of
which function has been specialized. Further, informa-
tion relating to design procedure and the like stored in
the library element memory means 101, is combined
with each specialized circuit data to form a design
object. The design object is stored in design object
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memory means 122 through a signal line 51. Genera-
tion of such a design object from a library element, is
carried out to all the elements forming the circuit.
[0076] Then, an object for connecting design objects
to one another, is to be synthesized in design-object
connection synthesizing means 121. In the synthesizing
means 121, there is generated a design object which
satisfies the connection relation among all the elements
forming the circuit. More specifically, the synthesizing
means 121 receives (i) information relating to the ele-
ments forming the circuit from the circuit arrangement
information memory means 109 through a signal line 8,
and (ii) information relating to input/output of the circuit
data of each of the objects generated by the design
object generating means 120, through a signal line 50.
Based on the pieces of information thus received, the
synthesizing means 121 exiracts the connection rela-
tion among all the circuit data and generates a design
object which satisfies the connection relation. The
design object thus generated is stored in design object
memory means 122 through a signal line 52. With the
processings above-mentioned, there are finished the
function design and the generation of design objects for
the desired circuit. All the design object memory means
122, the design constraint memory means 108 and the
circuit arrangement information memory means 109
may be made in the form of single memory means, i.e.,
design data memory means 111.

[0077] The design data converting portion in Fig. 15b
is adapted to execute a processsing of converting a cir-
cuit of which function design has been complete, into
circuit data on the finally required level (target level).
[0078] In design target entering means 123, a design
target serving as a target to be processed is entered to
design objects serving as objects to be designed. The
design target and the names of the design objects serv-
ing as objects to be processed, are sent to design pro-
cedure executing means 125 through a signal line 53.
[0079] There are instances where a design object
serving as an object to be processed has lower-rank
design objects. In such a case, based on (i) the name of
the design object serving as an object to be processed
which is sent through the signal line 53 and (ii) informa-
tion relating to the circuit arrangement sent from the cir-
cuit arrangement information memory means 109
through a signal lint 54, the design procedure executing
means 125 retrieves all lower-rank design objects form-
ing the design object so that all lower-rank design
objects are also to be processed. Further, the design
procedure executing means 125 receives (i) information
relating to the layout positions of elements from the cir-
cuit arrangement information memory means 109
through the signal line 54 and (ii) information relating to
design constraints from the design constraint memory
means 108 through a signal line 55. Based on the
pieces of information thus received, the design proce-
dure executing means 125 generates information for
properly executing design procedures on the design
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objects in the optimum manners. Further, the design
procedure executing means 125 receives, through a
signal line 57, information relating to real design proce-
dure, such as tools to be used for actually executing the
design procedures for the design objects serving as
objects to be processed, parameters to be set when the
tools are used, the order in which the tools are used,
and the like. According to the real design procedure, a
processing is executed on each design object, and the
circuit data of each object sent through a signal line 56
are converted and verified.

[0080] In particular, when a design object serving as
an object to be processed has lower-rank design
objects, the design procedure is executed also on each
of the lower-rank design objects. For each of the lower-
rank design objects, too, the real design procedure is
sent through the signal line 57. Accordingly, the opti-
mum design procedure is also executed to each of the
lower-rank design objects. The circuit data thus con-
verted by the design procedure executing means 125
are stored, as one circuit data of a design object serving
as an object to be processed, in design object memory
means 124 through a signal line 58.

[0081] With the processings above-mentioned, the
designer can obtain circuit data on a desired level hav-
ing a desired function, or verification results without
special attention paid on the circuit data and the design
procedures, merely by combining elements stored in
the library element memory means 101 to carry out a
function design and by specifying a design target serv-
ing as a target level. The design object memory means
122, 124 may be made in the form of single memory
means. The design object memory means 122 may be
different from the design object memory means 124. In
such a case, however, it is required to clarify the relation
among objects.

[0082] Fig. 16 is the processing flow chart of the LSI
automated design system in Figs. 15a and Fig. 15b. The
following will discuss the entire operation of the system
according to this flow chart.

[0083] At a circuit arrangement entering step 1601,
there are selected circuit elements required for achiev-
ing the function of a desired circuit. Also, there are
entered design constraints required for achieving the
desired function and information relating to the layout
with the floor plan taken into consideration. Further,
there are generated, from the elements thus selected,
design objects based on which a subsequent design
proceeds. By combining much design objects, a func-
tion design is to be achieved. At a design constraint
storing step 1602, the design constraints entered at the
step 1601, are stored in the design constraint memory
means 108. At a circuit arrangement information storing
step 1603, the information relating to the circuit arrange-
ment entered at the step 1601, is stored in the circuit
arrangement information memory means 109. At a
design object storing step 1604, the design objects gen-
erated at the step 1601, are stored in the design object
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memory means 122. At a design object connection gen-
erating step 1605, there is generated a design object
satisfying the connection relation among the design
objects generated at the step 1601 such that data can
be communicated among these design objects.

[0084] Onthe design objects thus generated, a prede-
termined processing is to be carried out to forward a cir-
cuit design. At a design target entering step 1606, there
is entered a design target serving as a target to be proc-
essed for the design objects. At a design procedure exe-
cuting step 1607, design procedures corresponding to
the design target are executed. Here, a processing is
executed by applying the real design procedure of each
design object to the design target thus entered. At a
design object storing step 1608, the processing results
obtained at the step 1607 are stored as parts of the
design objects. With the processings above-mentioned,
there can be achieved an LSI design using library circuit
elements.

[0085] The following will discuss in detail each of the
circuit arrangement entering step 1601, the design
object connection generating step 1605 and the design
procedure executing step 1607.

[0086] Fig. 17 is the detail flow chart of the circuit
arrangement entering step 1601 in Fig. 16. First, there
are to be selected elements required for achieving a
desired function. In this connection, at an element list
retrieving step 1700, there are retrieved elements pre-
pared for a design. At a function entering step 1701,
there are entered the functions of the elements required
for a circuit to be designed, thus further specifying ele-
ments to be selected. At a design constraint entering
step 1702, there is entered information relating to the
design constraints and the performance to be achieved
by the specified elements. This further specifies ele-
ments to be selected. At an element selecting step
1703, there are selected elements to be used in the
design, from the elements specified by the steps above-
mentioned. Then, design objects are to be generated
from the selected elements. At a step 1704, there are
entered parameters for determining the actual functions
of the elements selected at the step 1703. Accordingly,
the elements selected at the step 1703, become ele-
ments of which functions have been determined. At a
step 1705, there is entered information relating to the
layout of the elements of which functions have been
determined, such layout being determined with the floor
plan taken into consideration. At a step 1706, design
objects are generated from the elements selected
based on the pieces of information above-mentioned. At
a step 1707, it is finally judged whether or not there
were entered all the elements required for achieving the
desired function. In the negative, the sequence is
returned to the step 1701, where there are entered such
functional elements, successively. When the entry of
information of all the required elements is finished, the
circuit arrangement entering processing is complete.
[0087] The following will discuss in more detail the
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processing at the design object generating step 1706
with reference to Fig. 18. There are instances where the
elemens selected at the step 1703 include elements
each of which is designed in a rank structure. Accord-
ingly, at a step 1801, it is judged whether or not each of
the selected elements is designed in a rank structure
and has lower-rank elements for which design objects
have not been generated. In the affirmative, at a step
1802, there is generated a lower-rank design object
from each of lower-rank circuit elements. By repeating
the steps 1801 and 1802, there are generated lower-
rank design objects from all the lower-rank elements of
the selected elements. After it has been made sure at
the step 1801 that there are no lower-rank elements for
which design objects have not been generated, the
sequence proceeds to a step 1803 where there are gen-
erated design objects of the selected elements them-
selves. Thus, there are finished the generation of design
objects from the selected elements and design objects
from the lower-rank elements forming such selected
elements. When a lower-rank circuit element is further
desinged in a rank structure, such an element is
regarded as a selected element and the processings
above-mentioned are repeated in a recursive manner.
Thus, predetermined all design objects are automati-
cally generated.

[0088] Fig. 19 is a detail flow chart of each of the
design object generating steps 1802, 1803 when a plu-
rality of design objects are generated from the same
element.

[0089] Ata step 1901, there is obtained the number N
of design objects to be generated. There are instances
where a plurality of design objects are generated from
the same element, because different design objects are
generated dependent on differences among function
determining parameters, or because there are used a
plurality of objects having the same function. At a step
1902, an initial value 1 is set to a variable i.

[0090] At a step 1903, the name of the ith design
object is determined. It becomes possible to differenti-
ate, by such names, design objects generated from the
same element. At a step 1904, there is generated a
design object having the name determined at the step
1903. In the design object at this stage, there are stored
only information relating to a design procedure and
information relating to a rank structure. At a step 1905,
data of the design object are generated. Here, a data
file of the element is changed according to function
determining parameters, causing the data file to be data
of the design object. Such data are made as a part of
the design object, together with the information relating
to the design procedure which has been previously
stored. At a step 1906, "1" is added to the variable i. At
a step 1907, judgment is made on the size of the varia-
ble i. Until the variable i becomes greater than the
number N of design objects to be generated, there are
repeated object generating steps on and after the step
1903.
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[0091] According to the processings in Fig. 19 thus
discussed, a plurality of design objects can be gener-
ated from the same and single element. This achieves
an efficient function design and miniaturization of the
design data memory means. It is therefore possible to
automatically reuse existing elements, while such ele-
ment reuse has been manually made in prior art.
[0092] Fig. 23a shows an example of an element
stored in the library element memory means 101, and
Fig. 23b shows an example of a design object gener-
ated from the stored element.

[0093] Fig. 23a shows an example of a circuit element
designed in a rank structure. A circuit element A 2301
has a certain function, and has lower-rank circuit ele-
ments B, C, D. Further, the lower-rank circuit element C
has lower-rank circuit elements E, F. Each of the circuit
elements has information relating to circuit data, design
procedure, lower-rank circuit elements and function
determining parameters. Particularly, as to the informa-
tion relating to the circuit data, each circuit element has
areas for storing circuit data for each of the function,
logic and layout levels. However, it is not required that all
the data are necessarily being prepared. According to
the arrangement above-mentioned, when the circuit ele-
ment A is selected, it means that there are also selected
the lower-rank circuit elements B, C, D, E, F which form
the circuit element A.

[0094] It is intended to design a circuit satisfying a
desired function by combining elements each having
such an arrangement. Fig. 23b shows an example
where a design object is generated from the circuit ele-
ment A in Fig. 23a at the step 1706 in Fig. 17. A design
object A1 2301a in Fig. 23b, is formed from the circuit
element A 2301, and has lower-rank design objects B1,
B2, C1, D1. Further, the lower-rank design object C1
generated from the lower-rank circuit element C, has
lower-rank design objects E1, E2, E3, F1. Each of the
design objects has information relating to circuit data of
which function has been determined, design procedure,
and lower-rank design objects. As apparent from the
foregoing, a design object generated from a circuit ele-
ment, succeeds to the information relating to the rank
structure, the circuit data and the design procedure of
the circuit element. As to the circuit data, it is possible to
store the function-, logic-and layout-level circuit data
generated at the design procedure executing step 1607
in Fig. 16, in the storage areas for the circuit data on the
respective levels of each design object.

[0095] In fact, there are instances where a plurality of
design objects are generated from one circuit element.
Such an example is shown as follows. The design
objects B1 2302a, B2 2302b are generated from the cir-
cuit element B 2302, and the design objects E1 23053,
E2 2305b E3 2305¢ are generated from the circuit ele-
ment E 2305. Each of circuit elements or design
objects, has information relating to the one-rank lower
circuit element or design object. Accordingly, when an
upper-rank element is selected, it is possible to retrieve
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all, lower-rank elements forming such an upper-rank
element with the use of such rank information.

[0096] Fig. 22 is a detail flow chart of the design-
object connection generating step 1605 in Fig. 16. At a
circuit arrangement information entering step 2201,
there is entered, from the circuit arrangement informa-
tion memory means 109, information relating to the
design objects forming the circuit. At a design object
selecting step 2202, there is selected, from the design
objects forming the circuit, each of design objects which
are required to be connected and integrated. At a step
2203, it is judged whether or not the selection of all
required design objects was complete. In the negative,
the sequence is returned to the step 2202, where each
of necessary design objects is to be selected. In the
affirmative, the sequence proceeds to a step of extract-
ing input/output information of each design object 2204.
At the step 2204, there is extracted information relating
to input/output of all design objects selected from the
design objects generated by the design object generat-
ing means 120. At a step 2205, there is generated,
based on the information thus extracted, a design object
for connecting the selected design objects.

[0097] Fig. 20 is a detail flow chart of the design pro-
cedure executing step 1607 in Fig. 16. At a step 2001,
there are selected objects to which design procedures
are executed. Here, it is possible to select all the design
objects forming the circuit, individual design objects or
lower-rank design objects. At a step 2002, there is
entered a design target serving as a target to be proc-
essed. The design target to be entered, refers to the
final data level when a design processing is forwarded,
and to information indicating a design level of verifica-
tion when a verifying processing is executed. According
to the information thus entered, design procedures are
to be executed on objects. At a step 20083, it is judged
whether or not a design object serving as an object to
be processed has lower-rank design objects to which
design procedures have not been executed. In the
affirmative, at a step 2004, design procedures are exe-
cuted on lower-rank design objects. By repeating the
steps 2003, 2004, there can be finished the execution of
the design procedures on (i) the design objects serving
as objects to be processed and (i) the lower-rank
design objects forming each of the design objects. At
this time, when any of the lower-rank design objects fur-
ther has lower-rank design objects, the last-mentioned
lower-rank design objects are regarded as design
objects to be processed, and the step 2006 is repeated
in a recursive manner at the steps 2004. Thus, design
procedures can be executed on all the design objects
forming the design objects serving as objects to be
processed. With the processings above-mentioned,
merely by setting the design procedure to an upper-rank
design object, design procedures can be executed on
all the design objects forming such an upper-rank
design object.

[0098] Fig. 21 shows a detail flow chart of the design
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procedure executing processing at each of the steps
2004, 2005 in Fig. 20. Each design object has a real
design procedure indicating tools to be actually used,
parameters with which tools are used, the order in
which tools are applied, and the like, in order to achieve
the design target entered at the step 2002. Accordingly,
at a step 2102, such a real design procedure is
acquired. At a step 2102, the real design procedure thus
acquired at the step 2102, is executed. It is therefore
possible to obtain circuit data on a desired level without
no special attention paid on the design data and the
optimum design procedure of each design object. When
the design target entered at the step 2002 refers to a
verification level, each real design procedure includes
(i) a design procedure according to which data are con-
verted to data on the level at which verification is con-
ducted, and (ii) procedure for giving, to verifying tools,
information indicating where circuit data to be verified
are located.

[0099] With reference to Figs. 24a to 24c¢, the following
will discuss a specific example of an LSI design using
the LS| automated design system in Fig. 15a and Fig.
15b. In Fig. 24a, a circuit element A (2401) is one of the
elements stored in the library element memory means
101. The circuit element A has (i) a function description
serving as circuit data in the form of parameters, as
shown at 2402, (ii) information serving as conversion
information relating to parameters to be set for deter-
mining a function, as shown at 2403, and (iii) informa-
tion relating to design procedure as shown at 2404. This
element A is adapted to be selected by the element
arrangement entering means 105, and a design object
is to be generated therefrom. When parameters are
given to the parameter information at 2403, there is
generated, as shown in Fig. 24b, a design object A
(2405) of which function has been determined. This
design object A has, as logic-level circuit data, (i) a func-
tion description 2406 of which function has been deter-
mined and which has been generated by operating
parameters on the function description 2404, and (ji) a
design procedure 2407 according to which the data are
converted. In this example, "15" is set to a parameter
variable NUM to control the bit width and the number of
repeat times. While disposing this design object with the
floor plan taken into consideration as shown in Fig. 14,
the design is forwarded.

[0100] Then, when a conversion instruction is given to
the design object A, there is executed a processing of
converting the design object A into actual circuit data.
Fig. 24c shows a design object conversion result 2501
obtained when the design object A receives a conver-
sion instruction of converting data into layout data. In
fact, the processing is executed by selecting the design
object A on a display on which the layout in Fig. 14 is
displayed, and by giving a target level of layout to the
design object A. The processing is to be executed on
the function description 2406 according to the design
procedure set at 2407. First, a logic synthesizing tool A
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is operated on the function description 2406 (2502)
under the conditions that the area is minimized. There is
thus generated a logic diagram shown at 2503. Then,
an automatic layout generating tool B is operated on this
logic diagram data 2503 under the conditions that prior-
ity is given to wiring of clock lines, thus generating layout
data 2504.

[0101]  Thus, merely by selecting elements, giving
parameters for achieving a desired function and setting
the final target, the desired circuit can be designed with-
out special attention paid on circuit data in the course of
the design work. Further, the generated data become
circuit data satisfying the desired performance by reus-
ing the optimum design procedures.

Claims

1. A function design device in an LS| automated
design system comprising:

element memory means (101) for collectively
managing and storing, in the form of elements,
design data and design procedure information
relating to the conversion of said design data;

circuit arrangement entering means (105) for
entering (i) an element arrangement for achiev-
ing a desired function using design data stored
in said element memory means and (ii) infor-
mation for determining the functions to be
respectively achieved by design data specified
by said element arrangement;

design data specializing means (106) for spe-
cializing, according to said function determin-
ing information entered by said circuit
arrangement entering means, said design data
specified by said element arrangement;

design data synthesizing means (107) for syn-
thesizing a design data for connecting said
design data specialized by said design data
specializing means; and

design data memory means (111) for storing (i)
said design data specialized by said design
data specializing means and (ii) said design
data synthesized by said design data synthe-
sizing means.

2. A function design device according to claim 1,
wherein the circuit arrangement entering means
comprises:

element retrieving means (501) for retrieving
the elements stored in the element memory
means and for extracting information relating to
the design data of said elements;
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elements-to-be-used entering means (502) for
entering an element arrangement required for
achieving the desired function and for selecting
necessary information from said information

ing to said method determined by said function
determining information analyzing means,
thereby to generate design data of which func-
tions have been determined.

28

memory means into design data on said target
level specified by said conversion instruction

5. A function design method in an LS| automated

relating to said design data; 5 design system comprising:
parameter entering means (504) for entering, a circuit arrangement entering step of entering
based on said information selected by said ele- (i) an element arrangement for achieving a
ments-to-be-used entering means, parameters desired function using design data stored, in
for determining the functions of said design 10 element memory means, together with design
data; and procedure information relating to the conver-
sion of said design data, said design data and
design constraint entering means (503) for said design procedure information being col-
entering design constraints of said design data. lectively managed and stored in the form of ele-
15 ments, and (ii) information for determining the
3. A function design device according to claim 1, functions to be respectively achieved by design
wherein the design data specializing means com- data specified by said element arrangement;
prises:

a design data specializing step of specializing,
function determining information analyzing 20 according to said function determining informa-
means (1201) for determining a method by tion entered at said circuit arrangement enter-
which the function determining information ing step, said design data specified by said
entered by said circuit arrangement entering element arrangement;
means, is operated on the design data, said
method being determined based on the design 25 a design data synthesizing step of synthesizing
data stored in the element memory means, and a design data for connecting said design data

specialized at said design data specializing
function determining information operating step; and
means (1202) for operating said function deter-
mining information on said design data accord- 30 a design data storing step of storing (i) said

design data specialized at said design data
specializing step and (ii) said design data syn-
thesized at said design data synthesizing step.

35 6. A function design method according to claim 5,
4. A function design device according to claim 1, fur- wherein the circuit arrangement entering step com-
ther comprising: prises:

conversion instruction entering means (112) for

an element retrieving step of retrieving the ele-

entering a conversion instruction which speci- 40 ments stored in the element memory means
fies a target level on which said design data are and of extracting information relating to the
to be converted; design data of said elements;

conversion method selecting means (114) for an elements-to-be-used entering step of enter-
selecting conversion design procedures based 45 ing an element arrangement required for
on (i) said design procedure information relat- achieving the desired function and of selecting
ing to the conversion of said design data in said necessary information from said information
element memory means and (ii) said conver- relating to said design data;

sion instruction relating to said target level

entered by said conversion instruction entering 50 a parameter entering step of entering, based
means, said conversion design procedures on said information selected at said elements-
being adapted to be operated on said design to-be-used entering step, parameters for deter-
data in said design data memory means; and mining the functions of said design data;
design data converting means (115) for con- 55 a design constraint entering step of entering

verting, according to said design procedures
selected by said conversion method selecting
means, said design data in said design data

15

design constraints for said design data; and

a circuit arrangement information storing step
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of storing information relating to layout posi-
tions for said design data.

such that said step of determining the name of
each of the design data and said step of gener-
ating the design data are repeated until said
number of the generated design data becomes
greater than N.

7. A function design method according to claim 5,
wherein the design data specializing step further 5
comprises:

10. A function design method according to claim 5, fur-

a function determining information analyzing ther comprising the following steps:

step of determining a method by which the
function determining information entered at the
circuit arrangement entering step, is operated
on the design data, said method being deter-
mined based on the information relating to the
design data of the element memory means;
and

a function determining information operating
step of operating said function determining
information on said design data according to
said method determined at said function deter-
mining information analyzing step, thereby to
generate design data of which functions have
been determined.

10

15

20

a conversion instruction entering step of enter-
ing a conversion instruction which specifies a
target level on which said design data are to be
converted;

a conversion method selecting step of select-
ing conversion design procedures based on (i)
said design procedure information relating to
the conversion of said design data in said ele-
ment memory means and (ii) said conversion
instruction relating to said target level entered
at said conversion instruction entering step,
said conversion design procedures being
adapted to be operated on said design data in
said design data memory means; and

8. A function design method according to claim 5, 25
wherein the design data specializing step com-
prises the steps of:

a design data converting step of converting,
according to said design procedures selected

judging whether or not each of the elements

at said conversion method selecting step, said
design data in said design data memory means

specified by the element arrangement has 30 into design data on said target level specified
lower-rank elements; and by said conversion instruction.

enerating specialized design data from the 11. A design data specializing device in an LSI auto-
design data of said specified element when mated design system comprising:

said specified element has no lower-rank ele- 35

ments; or generating specialized design data element memory means (101) for collectively
from (i) the design data of said specified ele- managing and storing, in the form of elements,
ment and (ii) the design data of said lower-rank design data and parameters relating to said
elements when said specified element has said design data:

lower-rank elements. 40

parameter entering means (504) for entering

9. A function design method according to claim 5, function determining information thereby to set
wherein the design data specializing step com- values to said parameters in order to determine
prises: the functions to be achieved by said design

a step of obtaining the number N of design data
to be generated from the elements specified by
the element arrangement;

a step of determining the name of each of said
design data to be generated from said ele-
ments specified by said element arrangement;

a step of generating a specialized design data
for each of said determined names: and

a step of judging whether or not the number of
the generated design data is greater than N

45

50

55
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data stored in said element memory means;

function determining information analyzing
means (1201) for determining a method of
operating, on said design data, said function
determining information entered by said
parameter entering means, said method being
determined based on information relating to
said design data stored in said element mem-
ory means;

function determining information operating
means (1202) for operating said function deter-
mining information on said design data accord-
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ing to said method determined by said function
determining information analyzing means,
thereby to generate design data of which func-
tions have been determined; and

design data memory means (111) for storing
said design data generated by said function
determining information operating means.

12. A design data specializing method in an LSI auto- 70
mated design system comprising:

a parameter entering step of entering function
determining information thereby to set values

to parameters relating to design data stored in 15
element storing means in order to determine

the functions to be achieved by said design
data;

a function determining information analyzing 20
step of determining a method of operating, on
said design data, said function determining
information entered at said parameter entering
step, said method being determined based on
information relating to said design data stored 25
in said element memory means; and

a function determining information operating
step of operating said function determining
information on said design data according to 30
said method determined at said function deter-
mining information analyzing step, thereby to
generate design data of which functions have
been determined.
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